Abstract. We propose a method of evaluating the soft dilepton production rate in hadron-nucleus and nucleus-nucleus collisions at high energies based on summing the contributions from quark-antiquark systems (chains) created in individual hadron-nucleon interactions. The individual contributions are determined by using the square dependence of the soft dilepton production rate on hadron multiplicity predicted for hadron-hadron collisions by the soft-quarkannihilation model and observed recently in pp collisions at the CERN ISR. The possibility of additional contributions originating from the annihilation of quarks and antiquarks that belong to different chains is taken into account in a phenomenological way, which nevertheless enables to correlate different phenomena in soft dilepton production. More detailed predictions are given for proton-nucleus collisions at 200 GeV/c.
Introduction
The production of p+p-and e+e pairs with low masses (below the p-~o region) in both hadron-hadron and hadron-nucleus collisions with yields that cannot be explained by known processes (particle decays, hadronic bremsstrahlung, Bethe-Heitler process) is nowadays experimentally a well-established phenomenon (for a review of experiments see e.g. [1] ). The excess of lepton pairs over the sum of backgrounds and known particle decay sources is higher at least by an order of magnitude than what is expected through the standard Drell-Yan model. * On leave of absence from the Department of Theoretical Physics, Faculty of Mathematics and Physics, Comenius University, Bratislava, Czechoslovakia
Another interesting phenomenon (see [-2] and literature cited there) is the copious production of electrons with low transverse momenta in pp collisions, which manifests itself as a rise in the e/n ratio with decreasing PT. This has recently [2] been confirmed down to pT=0.1 GeV/c, where only about 1/6 of the electron cross section can be accounted for by "trivial" sources (including semileptonic decay of charm).
In the last few years, the renewed interest in dilepton* production is connected with the attempts to produce and detect the quark-gluon plasma in highenergy nucleus-nucleus collisions [3] . The thermal emission of photons and dileptons is considered as one of the tools for quark-matter diagnostics**.
The dilepton production in nucleus-nucleus collisions can be, of course, described also in a more conventional way, namely by summing the contributions from individual elementary collisions (nucleonnucleon, quark-nucleon .... ). It is of great importance to know the predictions of dilepton properties following from such an approach. The dilepton rates can be used as a probe of the formation of a qualitatively new state of matter (hadron plasma, mixed phase, quark-gluon plasma) only if their magnitudes and/or their dependence on kinematical quantities that characterize the collision (for example, transverse energy) differ significantly from the expectations of the conventional approach.
However, even if a conventional model of dilepton production underestimated the data from nucleus-nucleus collisions, this would not have to signify the presence of the new production mechanism, but simply the fact that the model is not physically sound.
* Throughout this paper we shall have in mind only "anomalous" leptons and dileptons, which cannot be attributed to trivial sources (particle decays, hadronic bremsstrahlung, Bethe-Heitler process) ** The present state of the art is reviewed in [4] , where also the references to earlier work can be found It is therefore of great importance to scrutinize the models of dilepton production in processes which are more complex than hadron-hadron collisions, but in which the formation of the thermalized quark-gluon plasma is generally taken for improbable, i.e. in high energy hadron-nucleus collisions. Unfortunately, the data on low-mass dilepton production in the latter are scarce and far from being systematic. Even the A-dependence of the cross section in the low mass region is not very well explored. This is caused by the notorious difficulties of low mass dilepton experiments.
The topic is interesting also from the point of view of "classical" high-energy nuclear physics, because it may serve as a decisive test of models of hadronnucleus and nucleus-nucleus collisions. The model based on different physical assumptions may well give an equally good description of some quantities (cross section, hadron multiplicities, transverse energy distribution) but, on the other hand, may strongly differ in their predictions of the soft dilepton production.
As regards the conventional approach to the soft dilepton production in hA and AA collisions, we are not in a good position, because this process is not very well understood theoretically even in the case of hadron-hadron collisions. The only concept which has proven fruitful is that of Bjorken and Weisberg [5] . It assumes that during the course of a hadronhadron collisions quarks and antiquarks are created in addition to those that already existed in the incoming hadrons. After some finite time they materialize to final-state hadrons, but before this happens they can also annihilate to lepton pairs. The main drawback of the Bjorken-Weisberg idea lies in the fact that it is hard to fit into most of the present-day schemes of multiparticle production in hadronic collisions.
The problem that stimulated the present investigation can be formulated as follows: It has been argued [6] that the square dependence of the dilepton production rate on associated multiplicity within a fixed rapidity bin is to be expected not only in hadronhadron collisions in the region of applicability of socalled intermediate stage models (described in some detail in the next section), but also for photons and dileptons produced from the hot quark matter during its isentropic expansion [7] . Does the fact that such a square dependence has been observed experimentally [1, 8] diminish its role as an indicator of the quarkgluon plasma formation?
In the present paper we shall try to answer this question (and other closely related ones) assuming that the dilepton yield (as well as that of hadrons) in hA and AA collisions is built up as a sum of individual contributions. For every elementary contribution we shall suppose the proportionality of the mean number of dileptons to the square of the number of charged hadrons within a fixed rapidity bin. Even though our approach is only phenomenological, we cannot avoid the question about the dynamical origin of individual contributions. With respect to what has already been said before, it is natural to connect them with the Bjorken-Weisberg excited systems of quarks and antiquarks. For the sake of brevity we shall call the latter "chains", apologizing in advance for the confusion that this may cause.
The picture of the dilepton production in hadronnucleus and nucleus-nucleus collisions as just sketched is probably oversimplified. It does not take into account the space-time aspect of these processes and its relation to the space-time evolution of individual hadron-nucleon interactions. It is well possible that the individual chains may overlap in space-time and rapidity. In such case also the quarks and antiquarks from different chains may annihilate and produce low-mass dileptons. The quadratic law should then hold between the total contributions to both dilepton rate and hadron multiplicity from the system of two (or more) overlapping chains.
The lack of a detailed theory of the space-time evolution of hA and AA collisions forces us to treat its consequences in a rather crude phenomenological way. We introduce a parameter 2 equal to the probability that two chains created in the same event overlap, and allow also n-chain overlap with the probability 2"-1. It is clear that such an approach can predict only the lower (2=0) and upper (2=1) bounds on dilepton production rates in processes which we are interested in. But, as we shall see in what follows, if the value of the parameter 2 is fixed by one piece of data (e.g. by the dependence of dilepton-to-hadron ratio on hadron multiplicity for certain projectiles and targets) we obtain unambiguous* predictions for other phenomena (dependence of dilepton-to-hadron ratio on atomic numbers, on the number of elementary collisions, etc.).
The organization of the paper is as follows. The next section recalls some experimental results about soft dilepton production in h h collisions and their interpretation. Section 3 contains the quantitative formulation of our approach to dilepton production in hA and AA collisions together with crude but transparent estimates of what can be expected on its basis. Section 4 is devoted to the description and tests of a particular model of pA collisions, which is then used in Sect. 5 to get, as we hope, more realistic predictions of dilepton production in this process at 200 GeV/c. The last section contains various comments.
